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ABSTRACT
The first part of this thesis describes investigations on the 
synthesis and chemistry of isothiazolo/5,4-b __/pyridines.
The syntheses of a number of alkyl isothiazolo/5,4-b ._7pyridines from 
5-amino-3-methylisothiazole under conditions of the Skraup reaction are 
described and their nuclear magnetic resonance spectra are discussed.
The reactions of 3-methyl- and 3,6-dimethylisothiazolo/5,4-b J7pyridine 
have been studied. In particular they did not undergo nitration under the 
conditions employed and whereas the 3-methyl compound did not condense with 
benzaldehyde, 3>6-dimethylisothiazolo/5,-4-b _J7pyridine gave rnono-styryl 
products with benzaldehyde andp-nitrobenzaldehyde. Potassium permanganate 
oxidation gave isothiazolo/5,4~b _7pyi'id-3(2H)-one 1,1-dioxides rather 
than the expected isothiazolo</5,4--b _J7pyridine carbo::ylic acids and chromic 
acid oxidation resulted in cleavage of the isothiazole ring to give 
2,3-disubstituted pyridines.
Ethyl 4 hydroxy-3-methylisothiazolo/5,4-b J7pyridine-5-earboxylabe 
was readily obtained by thermal cyciisation of the malonate from 
5-amino~3-methylicothiazole an<^ ethoxymothyleneiralonie ester. The hydroxy 
ester was converted to a number of substituted isothiazolo/5j4-b _7pyridines. 
In addition it has been established that methylation at nitrogen rather 
than oxygen occurs with both the 4-hydroxy ester and the ^-hydroxy compound 
which has been shown to exist preferentially in the carbonyl form, namely 
3-methylisothiazolo/5,4.-b _7pyrid-4~one.
The reaction of 5-amino-3-^ethyliscthiazole with ethylacetoacetate 
and with acetylacetone under the conditions of the Conrad Limpach reaction 
and the Combes reaction respectively, did not give isothiazolo/5,4-b _/- 
pyridines. The latter gave a product which has been tentatively formulated 
as 5-acetyl-3,4--dimethylisothiazole.
The second part of this work describes the synthesis of
5-amino-3-chloroisothiazole-4.-carboxylic acid, 4.-amino-3-^ethylisothiazole- 
-5-carboxylic acid and 4-ami^oisothiazole-3-carboxylic acid and experiments 
aimed at investigating the possible intennediacy of isothiazolynes. 
Attempts to generate and trap isothiazolynes by their aprotic diazotisation 
with isoainyl nitrite in the presence of 2,3j4>5-tetraphenylcyclopentadienone 
gave only small quantities of isothiazoles in addition to a variety of 
oxidation products derived from the arynophile.
4-Amino3-methylisothiazole-5-carboxylic acid gave isothiazolyl- 
substituted products when furan and anthracene were used as trapping agents, 
and it was found that the reaction of isothiazcle~4.-diazonium carboxylate 
hydrochloride and propylene oxide in the presence of furan gave 
4,-cyano-l ,2,3-thiadiazole.
In none of the reactions investigated was there any evidence for 
the formation of inothiazolyne intermediates.

8Isothiazole
Isothiazole (I) is the sulphur analogue of isoxazole. Bicyclic system 
involving the isothiazole (1,2-thiazole) structure have long been known but 
it was not until 1956 that Adams and Slack reported the synthesis of the 
simple five-membered heterocyclic from a substituted benzisothiazole by the 
following route:
N
A
1)HNO,
COJI
2)NH,,.NH
II
H (CO) 0
NH,
(I)
Interest in this heterocyclic compound has greatly increased since 
publication of the first syntnesis and has occasioned the appearance of four 
reviews of this subject, in 1963, 1965, 1970 and 1972. 2 ' 3) ^' 5
£Adams and Slack1 s second isothiazole synthesis involved the 
preparation of f-iminothiobutyramide (ill) from the nitrile II and 
cyclisation with chloramine or better, hydrogen peroxide or salts of 
peracids, e.g. ammonium persulphate, to give 5-amino-3~methylisothiazole (17)
C
II
(II)
CH,
-C
II
C
II
cm)
7,8,9,10 
This synthesis has been extended by Goerdeler and his co-workers
to give a variety of substituted 5-amino-isothiazoles, che thioamides 
required for the oxidative cyclisation being prepared by reaction of 
isothiocyanates with enamines.
>TTT
an.,
I!
A
IIII
Hubenett, Flock and Hofmann have shown that propylene reacts with 
sulphur dioxide and ammonia in the presence of a catalyst such as activated 
alumina to give a high yield of isothiasclc.
10
This reaction is applicable to certain substituted propenes, thus 
isobutylene gives 4-ciethyli so thiazole, and^-methylstyrene gives 
^.-phenylisothiazole. Olefin isomerisation may, however, occur and 1- or 2- 
butene gives a mixture of 3- and 5-methylisothiazole. Yields of 25 - 
have been achieved with the simpler compounds and the reaction temperatures
(200 ) emphasize the inherent stability of isothiazoles.
12 In 1963, Soederbaeck cyclised sodium dicyanoethylenedithiolate,
readily obtained from malononitrile, carbon disulphide and sodium hydroxide, 
by treatment with sulphur in ethanol.
NC SNa
>= s Ti
H ^NO ^  ^ SNa "\ S SNa
A similar isothiazole synthesis was reported independently by
13 Hatchard, who obtained 4-cyano-3>5-dichloroisothiazole by carrying out
the cyclisation with chlorine.
Cl CN
ii ci2
NaS v SNa
In their initial work Adams and Slack commented on the electronic 
similarity between -S- and -CH=CH-, particularly in aromatic systems, and 
compared the electron densities and mobile bond orders of the parent 
molecule, which were obtained by simplified molecular orbital calculations, 
with those of thiazole and pyridine. Their results emphasised the inherent 
stability of the unsubstituted molecule and its similarity to both pyridine 
and thiazole. This has, since then, been amply confirmed by a consideration 
of its chemical behaviour and by n.m.r. spectroscopy.
11
+ 0.491
e 0.594
The substitution reactions of isothiazole are in broad agreement with 
the electron distribution pattern. Thus electrophilic substitution occurs 
predominantly in the 4-position, if this is free, and metallation occurs 
in the 5-position. The weakly basic isothiazole would be expected to be 
almost completely protonated in strong acid media, but nevertheless readily
undergoes nitration with a mixture of fuming nitric acid and sulphuric acid
2 6 in good yield. Adams and Slack also reported the nitration of
3-methylisothiazole in 90$ yield using potassium nitrate and fuming 
sulphuric acid. Sulphonation of 3-methylisothiazole with oleum or sulphur 
trioxide has been reported by Pain and Parnell to occur readily to give 
3-methylisothiazole-4-sulphonic acid.
SOJI CH 3
-> *s____-rj  o 
 O
Isothiazole and 3- and 5-alkylisothiazoles have been brominated under
 I 
various conditions ' but yields of 4-bromoisothiazoles have not been 
very good possibly because of the formation of perbromo compounds. High 
yields of 4-brominated products have, however, been reported from 
isothiazoles with electron releasing substituents in the 3- or 5-position
A study of hydrogen-deuterium exchange rates by n.m.r. spectroscopy 
showed that the 5-proton exchanged very rapidly under basic conditions
12
indicating the formation of relatively stable anion. 5-l.ithio- 
isothiazoles may be readily prepared by treatment of isothiazoles with
butyl lithium allowing introduction of a wide variety of substituents into
17 the 5-position.
R R1 R R« R R!
Data has also been obtained by n.m.r. techniques concerning the 
relative rates of hydrogen-deuterium exchange in 3-methyl-, ^--methyl-, 
5-methyl- and 3,5-dimethylisothiazoles: the relative rates of exchange of 
both the ring protons and the methyl protons decrease for the respective
positions in the order >-}3-)4-. The ease of removal of a proton from the
1& 5-methyl group has been discussed by White and Anderson.
Fused Bicyclic Isothiazoles
The aim of the work described in the first part of this thesis was to 
investigate methods for the formation of the bicyclic isothiazole system, 
isothiazolo/5,4-b _/pyridine (V) and to carry out a preliminary examination 
of its reactions.
Two series of fused bicyclic compounds incorporating both an 
isothiazole and a benzene ring have been known for sometime. These ring 
systems are now generally known as 1,2-benzisothiazole (VI) and 2,1-benz-
13
isothiazole (VII).
(VI) (VII)
Both series of compounds have been known for more than fifty years. 
Almost all the syntheses for the more well known 1,2-benzisothiazole system 
require as a precursor, an aromatic sulphur-containing compound with a 
functionalized carbon atom ortho to the sulphur. The general pattern is 
thus either from VIII or IX to 1,2-benzisothiazole (X).
(VIII)
The parent compound X was first prepared in 1923 by Stolle and 
co-workers. They found that treatment of the thianaphthenequinone (XI) 
with aqueous ammonia and hydrogen peroxide afforded l,2-benzisothiazole-3- 
carboxamide (XII). The amide was hydrolysed to the acid XIII and this gave 
the parent system on decarboxylaticn.
(XI)
CO.NH,
21
1
s/N
(XIII)
In 1959, Goerdeler and Kandler reported that the oxidation of the
aminothiol XIV with iodine or bromine afforded 5-aethyl-l,2-benzisothiazole
22in excellent yield. Boudet and 3ourgoin-Legay showed, in the following
year, that alkaline ferricyanide was an equally effective oxidising agent.
uCH,
(XIV)
8In 1964, Goerdeler and Horn reported the synthesis of isothiazolo- 
/5,4-d _7pyrimidine (XV) and in the following year Holland, Slack, Warren
O O 
(XV) (XVI) (XVII)
Holland and co-workers obtained 7-amino-3-ffi3thylisothiazolo/4,5-d 
pyrimidine (XVIII) in poor yield on reaction of 4-amim>-5-cyano-3- 
methylisothiazole with formamide.
CH. NH, CH.
» I
N JiXS-X^
N
(XVIII) 
The corresponding 7-hydroxy- and 5,7-dihydroxy-compounds, XIX and XX,
were readily prepared from the amino-amide XXI by reaction with forraamide
and urea, respectively.
N
^
CONH, \s N
(XXI) (XIX)
OH
15
In 1967, Hartke and Peshkar reported the synthesis of (j-amino-7- 
methylisothiazolo/3,4-d J7pyrimidine (XXIll). Reaction of 3-amino-4- 
cyano-5-methylisothiazole with an equimolar mixture of ethyl orthoformate 
and acetic anhydride gave the nitrile XXII in 90$ yield, which with an 
excess of alcoholic ammonia at room temperature gave XXIII in 85$ yield.
CN
HC(OC0H-K 
____ D 3
AC0 .C
N-
CN
CH. CH. 
(XXII)" (XXIII)
The isothiazolo/5,4--b _7triazole XXIV has been obtained from the reaction
of the 4>5-diaminoisothiazole with nitrous acid. It was reported to suffer
25 
reductive cleavage to the triazole XXV on treatment with hypophosphorous acid.
CH.
HIMO-
NHPh
\
N
(XXIV) Ph
N CO.CH,
Ph (XXV)
A "2
CH
N
H
Ph
A number of isomeric isothiazolopyridines may be formally derived by 
construction of a pyridine ring on the isothiazole nucleus. Thus two groups 
of such compounds may be considered, the first being derived by 
construction of a pyridine ring to include the 4>5 carbon-carbon bend of 
isothiazole, e.g. isothiazolo/5,4--b J7pyridine (XXVI) and the second to
16
include the 3,4- carbon-carbon bond of isothiazole, e.g. isothiazolo-
(XXVII ). Depending on the relative position of the
nitrogen four bicyclic systems may be constructed in each group.
(XXVI) (XXVII)
At the commencement of this work only one example of an isothiazolo-
pyridine, viz. 3,6-dimethylisothiazolo/5,4.-b ^/pyridine (XXVIII) had been
26 6 
reported. This compound, described only in a review of isothiazole
chemistry, had been obtained by the reaction of 5-amino-3-methylisothia.zole 
with crotonaldehyde in the presence of a mixture of nitrobenzenesulphonic 
acid in concentrated sulphuric acid (sulphomix). The object of the first part 
of the work described in this thesis was to investigate the synthesis of 
isothiazolo/5,4--b _7pyridines from the readily available 5-amino-3- 
methylisothiazole.
CH,
K NH,
CH.
CH.
(XXVIII) 
Methods for construction of pyridine rings on other aromatic nuclei may
be conveniently classified into two types. Type A methods employ aromatic 
amines as starting materials. Type B methods employ orthq substituted 
amines.
Type A Type B 
Ring formation reactions of type A are most cocmon and involve the 
interaction of an aromatic amine, containing at least one free ortho
17
position with some reactant or reactants that provide the carbon atoms 
required to complete the pyridine ring in a manner such that the pyridine 
ring is built up on the free ortho position.
The Skraup reaction is one of the most important synthetic routes to 
quinolines. In this reaction an aromatic amine with at least one vacant
position ortho to the amino group is heated with an -unsaturated
carbonyl compound or precursor, an oxidising agent such as nitrobenzene, and 
sulphuric acid. The overall course of the reaction, as at present under- 
stood, may be illustrated by considering the formation of quinoline itself 
in the reaction of aniline with glycerol under these conditions.
CH2OH
CHOH HSO
CH2OH
CHO
I
CH
II 
CH2
XXIX
(XXX)
Four successive steps are believed to occur. Dehydration of glycerol 
to acrolein (XXIX) is followed by Michael addition of tha amine to the 
unsaturated aldehyde. Cyclisation of f-arylaminoaldehyde (XXX) and 
dehydration under the influence of the acid gives the 1,2-dihydroquinoline 
which is subsequently oxidised to quinoline.
A useful oxidising agent to remove the two hydrogens from the 
intermediate dihydroquinoline is the nitro compound corresponding to the 
amine used in the synthesis. As the requisite nitro-compound is not
always accessible, a variety of other oxidants has been used. These 
include m-nitrobenzene sulphonic acid or its salts, arsenic pentoxide, 
ferric chloride and stannic chloride.
The original mechanism put forward by Skraup, which involved
formation of a Schiff's base as an intermediate, was shown, in 1907 by
27
Simon to be untenable. It was found that reaction of crotonaldehyds
with aniline under the conditions of the Skraup reaction gave quinaldine 
(XXXI) and not lepidine (XXXII), which would be expected if a Schiff base 
intermediate such as XXXIII was involved. The formation of quinaldine 
indicated the intermediacy of XXXIV, formed by Michael addition of the amine 
to the CY ?>-unsaturated carbonyl compound.
CHO
. (XXXIV)
(XXXI)
The Skraup reaction is of almost universal applicability. In 
general it may be used with glycerol to yield an almost unlimited variety 
of quinolines substituted in the benzene ring. Only substituents in the 
aromatic amine which are sensitive to hot strong acid undergo drastic 
alteration or elimination during the reaction.
19
4-Alkylquinolines have been prepared by the use of<X,p-unsaturated 
ketones. Thus condensation of the amine, e.g. aniline, with methyl 
vinyl ketone, or preferably with 1,3,3-trirnethoxybutane from which 
methyl vinyl ketone may be easily generated in situ, gives 
4-methylquinoline.
CH3.C(OCH ) 2 .CH2 .CH2OCH
Similarly ethyl vinyl ketone or o(-chlorodiethyl ketone, from which
the ketone is formed during reaction, gives 4-ethylquinoline on reaction
28 
with aniline.
The Skraup reaction has also been successfully applied to hetero- 
cyclic primary amines. It has recently been reported to be successful 
with the aminopyridines though previous workers had reported the failure
of this reaction with 4-amino and 2-aminopyridine and it was suggested
29 30 that this was due to the low basicity of these amines. In 1950,
O-l
Hauser and Reynolds synthesized 1,5-naphthyridine (XXXV, R=H) from
3-aminopyridine. The same reaction was later investigated in detail by
32 Rapoport and Batcho who obtained the naphthyridine in 3K yield. Small
amounts of the 3-methyl and 3-ethyl isomers (XXXV, R=CH^,C2H^) were also 
obtained and it was suggested that these arose by way of intermediates 
formed by the aldol condensation of the intermediate arylamino aldehyde 
with formaldehyde and acetaldehyde respectively, both of which may be 
formed by a retro-aldol reaction of the intermediate dehydration 
product of glycerol, f -hydroxypropionaldehyde.
20
CH2OH
CHOH
CH2OH
(XXXV)
2-Methyl- and 4-methyl-l,5-naphthyridine were also prepared from 
the appropriate o(,p -unsaturated carbonyl compound.
In 1966 Paudler and Kress "'^ synthesised 4-methyl- and 
2-methyl-l,6-naphthyridine from 4-aminopyridine in and yield
respectively. The parent 1,6-naphthyridine was obtained in yield.
CH2OH
35
CHOH
I
CH2OH
(XXXVI)
In the following year, 1,8-naphthyridine (XXXVI) was prepared in 
yield from 2-aminopyridine and glycerol. The synthesis of 2-methyl-, 
3-metbyl-, 4-methyl- and 2,4-dimethyl~l,8-naphthyridine was also reported 
by Paudler and Kress. ' It was concluded that 1,8-naphthyridine, which 
is not steam volatile, had been missed by earlier workers during the 
traditional steam-distillation work-up procedure usually employed in Skraup
reactions.
CH0OHI 2
CHOH
H2 CH2OH
^
37Steinkopf and Lutzkendorf have reported the application of the
Skraup reaction to 2-aminothiophene. Thieno/2,3-b ^pyridine was obtained 
in only yield.
21
The reaction of an aromatic amine with ethylacetoacetate can proceed 
in two ways to give either an anilide or an enamine depending on the 
conditions of the reaction. Thus with aniline, the anilide XXXVII is 
usually formed by heating the reactants under reflux whereas the enamine 
XXXVIII is formed when the reactants are heated in ethanol in the presence 
of a trace of acid« Cyclisation of the anilide with concentrated 
sulphuric acid gives 4-methyl-2-quinolone. Cyclisation of the enamine in 
mineral oil or refluxing diphenyl ether gives 2-methyl-4.-quinolone. The
ogformer reaction is usually called the Knorr reaction and the latter
the Conrad-Limpach reaction. 39
GOGH3
CHJ30CH2C02C2H-
(XXXVIII) 
The Knorr and Conrad-Limpach methods have not been successfully
extended to the preparation of hydroxy-naphthyridines. The reaction of 
2-aminopyridine with ethylacetoacetate gives either the amideXXXIX or
the enamine XL depending on the conditions.
COCH.
CH,
(XXXIX)
(XL)
22
Cyclisation of the amide can lead to either a 2-hydroxy-l,8- 
naphthyridine or a pyrimidine.
CIU
CH
Similarly cyclisation of the enaznine can lead to either a 
4-hydroxy-l,8-naphthyridine or a pyrimidine. Both the amide and the
enamine have, in fact, been reported to form the pyrimidine only. ' ;
31 Hauser and Reynolds have isolated the intermediate amide and
enamine derived from 3-aminopyridine and ethyl acetoacetate but have 
found that these could not be cyclised to the corresponding hydroxy-
naphthyridines. 4-Aminopyridine was reported not to undergo the Knorr
31
and the Conrad-Limpach reactions.
In the Combes reaction, aromatic amines are condensed with 
1,3-diketones and the resulting intermediates are then ring-closed to 
2,4--disubstituted quinolines by treatment with hot concentrated 
sulphuric acid.
GOGH
CH.
The Combes reaction has been extensively studied by Roberts and 
Turner, ^ particularly from the point of view of orientation in the 
ring-closure step. It was concluded that, when a strongly ortho, para-
23
orienting group is present in a position meta to the nitrogen, ring closure 
proceeds readily. On the other hand, when a strongly orth_Qi £a_ra-orienting 
group is present para to the nitrogen (e.g. p-anisidine), ring closure 
is prevented.
The Combes reaction with aminopyridines has been reported not to be 
very successful. 2,6-Diaminopyridine has been found to give the expected 
intermediate with acetylacetone and on cyclisation 2,4,-dimethyl-7-amino-l,8-
/ O II
-naphthyridine was obtained in 60-70$. yield. '^ The enamine from 2-amino-
-6-methylpyridine was prepared by Hauser and Weiss but cyclisation could
/-t o-j 
not be effected. The Combes reaction also failed with 3-aminopyridine
IK.
and 3-aminopyridine-l-oxide.
The most generally useful method for the preparation of 
4-hydroxyquinolines carrying a carboxyl group in the 3-position is that due
ijL
originally to Gould and Jacobs. In this reaction the aromatic araine is 
condensed with diethyl ethoxymethylenemalonate and the resulting acrylate 
is cyclised by heating in mineral oil or Dowtherm.
\/
, C
HC0 H
Cl v " N' 
This reaction has been reported to be clean-cut and to proceed in good
A7 yield. In 194-6, the reaction was developed by Price and Roberts and it
has been found that almost any aromatic amine can take part in the 
reaction and ^.-hydroxyquinoliries containing a variety of substituents in 
the benzene ring have been prepared.
The reactions of aminopyridines with ethoxymethylenemalonic ester 
have been extensively investigated.
The crotonate from 2-aminopyridine and ethoxymethylenemalonic ester 
could possibly cyclise to give either ethyl 4--hydroxy-l,8-naphthyridine-3- 
carboxylate (XLI) or the pyrimidine XLII as shown, but it has been found 
that only cyclisation to the hydroxy-ester occurred when R is a 6-amino, 
6-methyl, or 6-ethoxy group. ^ '^
C,,HJD0C C00C0H- 2 5 2 v / 225
C0CH
(XLI)
(XLII) 
The reaction of 3-aminopyridine with ethoxymethylenemalonic ester gave
A7 A9 
ethyl 4-hydroxy-l,5-naphthyridine-3-carboxylate. However, the yield
was satisfactory only when the reaction was carried out in refluxing Dowtherm 
in very dilute solution. With 3-aminopyridine-1-oxide the reaction
proceeded via cyclisation at position 
1,7-naphthyridine XLIII/5
of the pyridine to give a
OH
H
(XLIII)
The reaction of 4-aminopyridine with ethoxymethylenemalonic ester gave 
the hydroxy-ester XLIV after cyclisation. Hydrolysis of the ester followed 
by decarboxylation and then removal of the hydroxyl group afforded the
1,6-naphthyridine (XLV) in yield. 31
OH
(XLV)
Arynes and Hetarynes
Prior to I960 little work had been done on reactions of heterocyclic 
compounds involving hetarynes, i.e. intermediates with a "triple bond" in 
the nucleus containing the hetero atom. Since then interest in hetarynes 
has grown and investigations in this area are developing rapidly using 
information available from carbocyclic aryne chemistry. A brief account 
of aryne chemistry is presented first as this has naturally formed a basis 
for the development of hetaryne chemistry.
Arynes
Arynes are intermediates in certain reactions of aromatic compounds, 
especially in some nucleophilic substitution reactions. They are generated 
by abstraction of atoms or groups from adjacent positions in the nucleus and 
react as strong electrophiles and as dienophiles in fast addition reactions. 
An example of a reaction occurring via an aryne is the amination of 
o-chlorctoluene with potassium amide in liquid ammonia. 3-Methylbenzyne 
(XLVI) is first formed by eliioination of hydrogen chloride and subsequent 
addition of ammonia to the "triple bond" yields o-aminotoluene and
m-aminotoluene.
26
Rearrangements during reactions of aromatic halocompounds with strong 
nucleophiles have been observed for a long time, and it was to explain 
these phenomena that the aryne hypothesis was first introduced. The first
aromatic system containing a'triple bond 1 was proposed by Stoermer and
50 Kahlert, in 1902, to account for the formation of 2-ethoxybenzofuran in
addition to the expected 3-ethoxybenzofuran on reaction of 3-bromobenzofuran 
with sodium ethoxide.
Important introductory work was done by Wittig and in 1953-54 a
solid base for the development of aryne chemistry was laid by Roberts and
**1 Huisgen and their groups.^ ' >->-?>24- gv applying labelling techniques
52 Roberts and his collaborators obtained results which indicated that
benzyne (XLVII) occurs as an intermediate in the amination of chlorobenzenc
with potassium amide in liquid ammonia. Thus from chlorobenaene-1- xJ
i / -j / 
approximately equal amounts of aniline-1- IA+G and aniline-2- ^C were formed,
supporting the involvement of a symmetrical intermediate.
(XLVII)
Reactions were then discovered wherein benzyne was "captured" by 
reagents which cannot generate it from the starting material; e.g. the 
reaction of o-bromofluorobenzene with lithium amalgam in the presence of 
furan yielded dihydronaphthalene-l,4.-endoxide (XLVIII) by Diels Alder
27
cycloaddition of the intermediate to the 2,5-positions of the heterocycle. 55
0
(XLVIII)
Following this work interest and investigations in aryne chemistry 
expanded rapidly, the reactions of these intermediates were studied and a 
number of methods of generating them were developed. Some of the more 
important of these are as follows:
(1) Action of alkali amides and alkyl- and aryl-lithiums on monohalogeno 
aromatic compounds.
(2) Heating of aryl halJdes or aryl sulphonates with alkali hydroxides.
(3) Treatment of dihalogeno aromatics with lithium amalgam, magnesium
or zinc. 
(4.) Heating of ortho-arenediazonium carbcxylates or 1,2,3-arenothiadiazole-
1,1-dioxides. 
(5) Heating of qrtho-iodoarenemercuric iodides.
An example of an aryne reaction proceeding by the first method is the 
action of phenyl lithium on 1-fluoronaphthalene.
Li
-LiF Ph
2-Fluoronaphthalene gave (in addition to XLIX and L) a third isomeric 
acid LI formed via the 2,3-naphthalyne.
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One of the most useful methods for generating arynes is that 
originally due to Stiles and Miller." The zvritterionic diazonium salt, 
benzenediazonium-2-carboxylate (LII), readily obtained from anthranilic 
acid by aprotic diazotisation, was found to give benzyne on heating. Thus 
on warming the compound in furan, naphthalene-l,4-endoxide was obtained in 
yield, and triptycene (LIIl) was obtained with anthracene in benzene 
solution. Berry, Spokes and Stiles have demonstrated by flash photolysis 
the formation of gaseous benzyne, from solid q-benzenediazonium carboxylate, 
as a precursor of biphenylene (LIV).
  v ~%^' 
(LIV) (mi) 
Benzyne has frequently been generated in situ from anthranilic acid
by reaction with isoamyl nitrite in aprotic solvents.
The use of propylene oxide for generating arynes from the solid 
diazonium carboxylate hydrochlorides has been described by Roberts and
CTI rd
collaborators and later by Ziegler. This method has the advantage over 
the Stiles procedure in that it avoids isolating and thus handling of the 
hazardous, explosive diazonium carboxylate salt. Decomposition of 
benzenediazonium-2-carboxylate hydrochloride with propylene oxide in the 
presence of anthracene gave triptycene. Ziegler prepared l,4.-epoxy-l,4- 
dihydronaphthalene from the same benzyne precursor and furan. The 
propylene oxide, in these experiments, reacts rapidly and irreversibly with 
the hydrogen chloride to give LII and propylene chlorohydrin which can be
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readily removed from the reaction products by distillation.
The thermal decomposition of diazocyclopentadiene-2-carboxylate 
anion (LV) under a variety of conditions gave carbon dioxide, nitrogen 
and dehydrocyclopentadienyl anion (LVI). The intermediacy of LVI was 
established by trapping with 2,3,4>5-tetraphenylcyclopentadienone 
(tetracyclone).
Ph
During recent years a large number of new methods of generating
60 
bensyne have been investigated. In 1966, Verbit and co-workers reported
the generation of benzyne from q-aminophenylboronic acid (LVIl); the 
adduct, triptycene, was isolated in 45-60> yield.
B(OH)
isoamyl
nitrite.
NH,
(LVII) R = isoamyl or H 
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In 1970, Nakayama, Simamura and Yoshida ' generated benzyne by 
heating l-(2-carboxyphenyl)-3,3-dimethyltriazene (LVIII) in chloroform,
30
the intermediacy of benzyne being shown by trapping with 2,3,4,5- 
tetraphenylcyclopentadienone. With 2,5-dimethylfuran in refluxing 
acetonitrile the aryne precursor gave l,4-expoxy-l,4.-dimethyl-l,4.- 
dihydronaphthalene (LIX) in yield.
N=N-NMe,
Me
(LIX)
A simple, one-step, conversion of aniline into benzyne has been
reported by Cadogan, Mitchell and Sharp. Reaction of aniline with 
acetic anhydride, pentyl nitrite and tetra cyclone in benzene gave tetra- 
phenylnaphthalene in yield. Benzyne is generated from the initially 
formed N-nitroscaeetanilide, via the diazonium acetate LX.
OAc
-CHoGOoH.
The thermal decomposition of diphenyliodonium-2-carboxylate (LXI) re-
ported by LeGoff in 1962 ^ and by Beringer and Kuang in 1963 to give
benzyne has, up to now, not found application in the field of hetaryne 
chemistry. It is not known whether carbon dioxide or iodobenzene is first 
lost from LXI or whether a concerted mechanism is involved.
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When betaine LXI was heated at 162° in diglyme containing 1,3- 
diphenylisobenzofuran, 9>10-diphenylanthracene was formed in yield. 
The effects of trapping agents were also investigated in this reaction and 
it was reported that 2,5-di-jD-anisyl-3,4--diphenylcyclopentadienone was a 
very effective ! trap f as l,4,-di-£-anisyl-2,3-diphenylnaphthalene was 
isolated in 79/«. It was concluded that addition reactions of benzyne are 
favoured by increased electron density in the diene.
Although neither benzyne nor any other aryne has been isolate^ it 
appears from the foregoing that one is justified in considering these 
intermediates to be short lived species which may be described as a mesomeric 
structure to which the following canonical forms contribute.
9
Hetarynes
It has been stated that the generation and reactions of hetarynes can 
be expected to differ from carbocyclic arynes in several respects.
(1) There are usually isomers of an unsubstituted hetaryne.
(2) Since unsubstituted hetarynec are usually not symmetric their
participation in a reaction can manifest itself in the occurrence 
of a rearrangement.
(3) The properties of a hetaryne in which the 'triple bond1 is adjacent 
to the hetero atom may differ considerably from those of its isomers.
(4) The ratio of the amounts of isomeric addition products will depend on 
the orienting effect of the hetero atom in the nucleus.
(5) The action of nucleophiles on a monosubstituted heterocyclic
compound may generate isomeric hetarynes.
er(6) Heterocyclic compounds may show a high} tendency than carbocycles to
react with nucleophiles by the addition-elimination mechanism than via
arynes.
Pyridyne intermediates have been investigated more extensively than any 
other hetarynes. Whereas only one dehydrobenzene is possible, two 
pyridynes viz. 2,3-and 3>4-pyridyne may be obtained.
The first amination of a hologeno pyridine involving a rearrangement was
65 carried out by Levine and Leake in 1955 in an attempt to prepare
3-phenacylpyridine by reacting 3-bromopyridine with sodium amide in liquid 
ammonia in the presence of sodio-acetophenonej 10£ of 4-aminopyridine and
13«% of 4-phenacylpyridine was isolated.
66 In 1961 Pieterse and den Hertog carried out a more extensive
investigation of the amination of 3- and 4-~nalogenopyridines with potassium- 
amide in liquid ammonia at -33° Mixtures of 3- and 4-aminopyridine in the 
ratio of 1:2 were isolated in all cases with 3-chloro, 3-bromo and 3-iodo- 
pyridines and the corresponding ^-substituted pyridines.
X = 01, 
Y = NH«
or I
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The independence of the composition of the reaction products from the 
nature and position of the halogeno substituent clearly demonstrated the 
intermediacy of 3>4-pyridyne and not a mixture of 2,3- and 3,4,-pyridyne.
The reactions of various halogeno pyridines with lithium piperidide
fri /rt
and piperidine have been studied by Kauffman and Boettcher ' and the 
results of these experiments support the 3>A-pyridyne intermediate. Increas- 
ing the amounts of lithium piperidide and piperidine to five to ten 
equivalents, respectively, did not change the composition of the reaction 
products.
3>4--Pyridyne (LXII) is formed and reacts as a dienophile in a number of
53 reactions analogous to those described by Wittig and Pohmer and by Stiles
and Miller in benzyne chemistry. Shaking 3-bromo-4-chloropyridine with 
lithium amalgam and furan gave a mixture from which isoqoinoline was 
isolated in yield; the initially formed endoxide is deoxygenated by the 
amalgam. By heating 3-pyridinediazonium-4,-carboxylate in furan, the 
endoxide LXIII could be isolated in greater than 6C$ yield. '
(LXIII)
Li(Hg)
70 2,3-Pyridyne has been shown to exist by trapping with furan. Thus
it has been considered as an intermediate in the reaction of 3-broino-2-chloro- 
pyridine with lithium amalgan in order to explain the small amount of 
quinoline formed).
Li(Hg)
An explanation for the absence of 2,3-pyridyne in the reaction of
3-chloropyridine with lithium piperidide has been given by Kauffmann and
6S Boettcher. It is supposed that inetallation to give 3-chloro-2-lithio-
pyridine (LXIV) does take place, but that the negative charge at C-2, 
resulting from polarisation of the lithium-carbon bond, is weakened by the 
inductive effect of the ring nitrogen atom and, therefore does not weaken 
the neighbouring chlorine-carbon bond. Thus lithium chloride is not 
eliminated and the formation of 2,3-pyridyne doec not occur.
(LXIV)
The anination of 2-chloropyridine-N-oxide with potassium amide in
liquid ammonia gave a mixture of 2- and 3-aminopyridine-N-oxide in 5-
70 total yield. This rearrangement has been explained by an aryno mechanism
involving 2,3-pyridyne-N-oxide, a result which has been confirmed by Kato,
71 Niitsuma and Kusaka.
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KNH
NH,
There has been evidence for the formation of l,5-naphthyrid-3,4-yne 
(LXV), but none for l,5-naphthyrid-2,3-yne from the results of the amination 
of 3- and 4.-bromo-l, 5-naphthyridine with potassium amide in liquid ammonia.
Mixtures of 3- and 4-amino-l,5-naphthyridine were produced but 2-amino-
721,5-naphthyridine was not found.
Apparently only one hetaryne containing oxygen as a heteroatom,
2,3-dehydrobenzofuran,has been described so far. Quite recently this
73 legendary aryne was again generated by Wittig and Boos and proved to
have dienophilic properties, thus confirming the original work of Stoermer 
and Kahlert. The dehydrobenzofuran was obtained by heating the mercury 
compound LXVI, formed by treatment of 3-brono-2-lithiobenzofuran with 
mercuric bromide. The aryne was trapped with 2,3,4-,5-tetraphenylcyclo- 
pentadienone and the adduct LXVII was isolated in 7C$ yield.
Br
Tetracyclone
(LXVII)
The first thiaaryne, 2,3-benzothiophyne, may have been generated by
7ZKomppa and Weckmann in 1933. On heating 3-bromobenzothiophene (LXVIII)
with a solution of potassium hydroxide in ethanol at 200°, a reaction mixture 
was obtained consisting of starting material, benzotbiophene and
2-hydroxybenzothiophene. This reaction is analogous to the reaction of
3-bromobenzofuran with sodium ethoxide. If both are examples of aryne 
chemistry they illustrate the addition of a nucleophile to the 2-position 
of a 2,3-hetaryne.
The 2,3-hetaryne derived from thiophene was obtained by Wittig and 
Wahl by heating bis-(3-iodothienyl-2)-mercury (LXIX) and trapped with 
tetracyclone, the adduct being isolated in 9/o yield. Bis-(3-iodothienyl-4)- 
mercury (LXX) when heated with tetraphenylcyclopentadienone, was reported 
to give the same tetraphenylbenzothiophene (LXXI) as its isomer. The 
3,/,-dehydrothiophene (XXII) had apparently rearranged to the 2,3-isomer prior 
to cyclo-addition.
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Ph
I I Tetra- 
cyclone
-GO "-Ph
(LXX) (LXXII)
The possibility of generating five membered hetarynes containing
nitrogen and sulphur has only recently been investigated. In 1971, Tamura.
7c> 
Miyamoto and Ikeda investigated the reaction of 5-amino-2-niethylthiazole-
4-carboxylic acid with isoamyl nitrite in the presence of furan and also 
tetraphenylcyclopentadienone. With furan, 5-(2'-furyl)-2-methyl-4.- 
nitrothiazole (LXXIII: R=N02,0.5;$) and 2-methyl-^-nitrothiazole (LXXIV, 
R=^0p,0,33;to) were isolated in addition to 5-(2*-furyl)-2-methylthiazole-4.- 
carboxylic acid (LXXIII, R=002H, and 2-methylthiazole-4-carboxylic 
acid (LXXIV, R=C02H,2.7$)
C02Hi=r
CH
\
R H 
/
.
(LXXIII) (LXXIV)
R=G02H
In the presence of tetracyclone, (LXXIV, R=C02H, 9/0 was isolated 
and a trace of two unidentified compounds of molecular weight 390 and 4.00, 
In these two experiments the reaction mixture was carefully screened for 
the desired Diels-Alder adduct of dehydrothiazole with furan or tetra-
38
cyclone, but none was detected.
77 Bird and Wong, in 1971, attempted to generate 1,2,5-thiadiazolyne
by the aprotic diazotisation of 3-amino-l,2,5-thiadiazole-4-carboxylic 
acid in the presence of anthracene. None of the anticipated thiazolyne 
adduct was obtained; instead 9-nitroanthracene and a small amount of 
9-thiocyanoanthracene were isolated. It was suggested that these arose by 
collapse of the diazonium cation LXXV to the electrophilic sulphur cation 
LXXVI. Subsequent attack of LXXVI on the anthracene followed by addition 
of nitrite ion gave LXXVII. Displacement of the organic residue attached to 
sulphur by cyanide ion then gave the intermediate LXXVIII. Finally, base 
treatment during the work up effected rearomatisation with formation of 
LXXIX and LXXX. The preponderance of 9-nitroanthracene was attributed to
the greater acidity of the proton geminal to the nitro group in LXXVIII.
0
 :CN
CCUH
C02H NC
N N
^s-"
(LXXV)
N  S
H02C' (LXXVI)
SON
N02 (LXXVII)
(LXXVIII)
LXXX
The amination of halogenoisothiazoles with potassium ainide in liquid
78 ammonia has recently been studied by de Bie and Van der Plas. They
found that under the conditions of the reactions, halogen migration occurs
and that amination, if any, only takes place to a small extent.
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Thus 5-bromo-3-methylisothiazole (LXXXI, X=Br) when treated with a 
four-fold molar quantity of potassium amide in liquid ammonia at -33 for 
5 minutes gave 4-bromo-3-methylisothiazole (LXXXII, X=Br) and a small 
amount of 3-methylisothiazole (LXXXIII).
\.
'!
' + CH   C   CH.CN
(LXXXI) (LXXXII) (LXXXIII) (LXXXIV)
The same 5-bromo-3-methylisothiazole gave a greater yield of LXXXII 
when the reaction was carried out for 15 minutes. No indication was 
obtained for the formation of 4- and 5-amino-3-methylisothiazole even when 
the reaction time was enhanced to hours. Similar results were obtained 
with the 5-chloro compound (LXXXI, X=Cl); the rate of the isomerisation 
was lower than that of the 5-bromo compound. However, the 5-iodo compound 
gave different results, deiodination to 3-methylisothiazole being the 
main process while the rearranged product was present only in very small 
amount. A reasonable amount of p -aminocrotonitrile (GKXIV) was obtained 
and its formation was believed to occur by fission of 5-amino-3-methyl- 
isothiazole. The following mechanism was proposed for the halogen migration.
CH,
(LXXXI)
CH.
IT
N.
NH.
(LXXXV)
In general, thermal decomposition of £~arenediazonium carboxylates 
formed by aprotic diazotisatioa of £~amino acids has proved a valuable and 
convenient method of forming arynes. Thic would also appear to be a 
potentially useful method of generating isothiazolynes and the second part 
of this work describes the synthesis of a number of isothiazole araino acids 
and experiments designed to investigate the formation of isothiazolyne.

The first part of this section describes investigations on the 
synthesis and reactions of isothiazolo/5,4-b _7pyridines; the second part 
is concerned with the synthesis of amino acids of isothiazole and attempts 
to generate isothiazolynes by their aprotic diazotisation.
I. Isothiazolo/5«4-b /pyridines
Skraup synthesis .of .alkyli.spthia.zolo/s'^-b 7pyridines 
At the commencement of this work the only isothiazolo/5,4-b _/pyridine
described was 3,6-dimethylisothiazolo/5,4~b _7pvridine, obtained by the
26 
Skraup reaction of 5-amino-3-methylisothiazole with crotonaldehyde. This
reaction had, since then, not been studied in detail and the chemistry and 
reactions of this compound had not been investigated to any extent. The 
success of this synthesis and, in addition, the availability of 5-amino-3- 
methylisothiazole suggested that this route to isothiazolo/5,4-b _7pyridines 
would be worth exp3oring.
As described previously the Skraup reaction involves heating a primary 
aromatic amine with an ot,^ -unsaturated aldehyde or ketone or a suitable 
precursor in concentrated sulphuric acid in the presence of an oxidising 
agent.
The reaction is often vigorous and a number of compounds, such as
ferrous sulphate, acetic or boric acid have occasionally been added to
79 moderate the vigour. In practice the reaction usually involves slow
addition of the carbonyl compound to a rapidly stirred mixture of the 
amine and oxidising agent at a rate and temperature such that the reaction 
does not become too violent. Most often the work up of the reaction has 
involved basification of the cold reaction mixture, followed by isolation 
of the product by steam distillation and extraction of the distillate.
A lar^e number of oxidising agents have been employed, including
80 
arsenic acid, stannous chloride, oxygen and ferric chloride. Utemohlen
has reported that attainment of good yields depends on the use of a 
suitable oxidising agent, and he found that ra-nitrobenzenesulphonic acid 
was especially useful in this respect. The acid is prepared in solution 
by heating a mixture of nitrobenzene and fuming sulphuric acid. The 
mixture is diluted with water and used as such; it is often referred to 
simply as 'sulphomix1 and this description is used here. Sodium 
m-nitrobenzenesulphonate in concentrated sulphuric acid containing a 
little water has often been used as an alternative to sulphomix, with good 
results. Good yields of naphthyridines from aminopyridines have been 
obtained when these oxidising systems have been employed.
The original synthesis of 3>6-dimethylisothiazolo^5,4-J> _7pyridine 
involved the addition of crotonaldehyde to a solution of the amine in 
sulphoraix. In view of this and with regard to the above it was decided 
to investigate the synthesis of isothiazolo/5,4-b _7pyridines using 
largely m-nitrobenzenesulphonic acid as the oxidising agent. Variation of 
the unsaturated carbonyl compound of the reaction was expected to allow 
the synthesis of a variety of alkyl substituted isothiazolo/5,4-b _7pyridines,
3,6-Dira6thylisothiazolo/5>4-b J7pyridine (I) was prepared by 
addition of crotonaldehyde to a solution of 5-amino-3-methylisothiazole 
in sulphomix at 85-90°, the rate of addition was such the temperature did 
not rise above 90°, After heating for 45 rain, at 95-100° the mixture 
was cooled, basified and the isothiazolo/5,4-b ^/pyridine isolated by 
steam distillation. The compound was obtained as colourless needles, 
m.p. 92-93°, in 18.So yield. When the reaction was carried out at 
-90°, the compound was obtained in 10> yield; no product was obtained
when the reaction was effected at 110-120 .
H
°^ 
CH C
3 - CH
II
N. CH
-S' - CH3
In a subsequent preparation of 3>6-dimethylisothiazolo,/5,4-b _7~ 
pyridine, sodium m-nitrobenzenesulphonate was used as the oxidising agent, 
under almost similar conditions as the previous synthesis. The yield 
was virtually unchanged but less darkening of the reaction mixture 
was apparent. It is possible that a study of the effect of temperature 
and time on the reaction may lead to an improvement in the yield*
The compound readily formed a picrate, and analysis indicated that 
it was a 1:1 complex. The ultraviolet spectrum (U.V.I) showed absorption 
bands at 234- (t 26,600) and 300 run (5,160). The n.m.r. spectrum (N.M.R.l) 
is consistent with its formulation. The two ring protons appeared as a 
typical AB system with H-4 as a doublet centered at S8.1 p.p.m. and H-5
as a doublet centered at 8 7.25 p.p.m (J.- 8.5 Hz). The 3-niethyl and4-2
6-methyl protons were observed as singlets atS2,69 andS2.71 p*p.ro>5 the 
very similar shift positions did not allow individual assignments of the 
signals. Further discussion and comparison of the U.V. and n.m.r. spectrum 
of this and other isothiazolo/5,4.-b J/pyridines is presented later (p.50,52).
3-Methylisothiazolo/5 ;1 -4-b _7pyridine (II) was prepared by heating a 
mixture of glycerol, sulphooix and 5-amino-3-ciethyl isothiazole at 110-115° 
for 3.5h. The compound, isolated by steam distillation of the basic sol- 
ution followed by ether extraction of the distillate, was obtained as 
colourless plates, m.p. 84-85°, from light petroleum in 26£ yield. When 
sodium m-nitrobenzenesulphonate was used as the oxidising agent and the 
reaction carried out at 120-125° for 3.5 h., 3~aethylisothiazolo/5,4.-b 
pyridine was obtained in 13.5£ yield. With arsenic acid and acrolein
in 8% phosphoric acid at 100 , 5~amino-3-methylisothiazole gave II in 
yield only.
CH,
CH2OH.CHOH.CH2OH  <
sulphomix
The ultraviolet spectrum showed absorption bands at 232 (£ 26,000) and 
302 nm (£5,390). The n.m.r. spectrum (N.M.R.2) in deuterochloroform 
showed the methyl group as a three proton singlet at $ 2.68 p.p.m. From 
low to high field the three groups of lower field signals represent the 
H-6, H-4 and H-5 protons respectively and depict an AMX system with three 
coupling constants. The low field doublet of doublets centered at 6 8.70 
p.p.m. was assigned to H-6, it being adjacent to nitrogen, and the doublet 
of doublets centered at 6 8.17 and £7.32 p.p.m. were assigned to H-4 and 
H-5 respectively by comparison with the n.m.r. spectra of the other 
isothiazolo/5,4-b _7pyridines.
The compound readily formed a picrate, and analysis indicated that 
it was a 1:1 complex.
The reaction of an aromatic amine with methyl vinyl ketone under 
the usual Skra.up conditions gives a product carrying a methyl group in
the 4-position relative to the nitrogen.l,3,3-Trimethoxybutane and methyl
81 f>-chloro ethyl ketone have also been recommended as suitable precursors
to methyl vinyl ketone in this reaction. Addition of methyl vinyl ketone 
to a stirred mixture of 5-amino-3-methylisothiazole and the sodium 
m-nitrobenzenesulphonate in sulphuric acid at 75-80 , followed by heating 
for 35 min at 80-85° and work up in the usual way gave
3,4-dimethylisothiazolo/5,4--b _7pyridine (III) as needles, m.p. 139-14-0°, 
from acetone in 2.6,b yield only. When the reaction was repeated under the
same conditions except that sulphomix was used instead of the sodium 
m-nitrobenzenesulphonate only a very slight improvement in the yield 
was obtained.
CH3 GEL
II
N .X  ' CH2
4
rto,
Campbell and Schaffer *" have described the synthesis in relatively 
good yield, of 4--^ethylquinoline from methyl vinyl ketone, aniline 
hydrochloride, zinc chloride (as dehydrating agent) and hydratod ferric 
chloride in absolute ethanol. 5-Amino-3-methylisothiazole hydrochloride, 
prepared by passing dry hydrogen chloride through a solution of the amine 
in ether, was thus heated with hydrated ferric chloride and anhydrous 
zinc chloride in ethanol to 70-75°. Methyl vinyl ketone was added 
slowly to the stirred mixture which was then heated under reflux for 2 h. 
After evaporation of the ethanol, the mixture was made basic and the 
3,4--dimethylisothiazolo/5,4--b7pyridine obtained in the usual way. The 
yield, however, was only 1$. The mixture did not become very dark during 
the course of the reaction, and it is possible that extending the reaction 
time would result in improved yields of the isothiazolo/5,4-b _7pyridine.
The picrate was prepared in dilute hydrochloric acid with aqueous 
picric acid because of the poor solubility of the base in ethanol; analysis 
indicated that it was a 1:1 complex.
The ultraviolet spectrum of 3,4-di^ethylisothiazolo/5,4-b __7pyridine 
showed bands at 230 (£. 27,000) and 302nm (fc 6,200) as in the other 
alkylisothiazolo/5,4-b __7pyridines. The n.m.r. spectrum (N.M.R.3) in 
deuterochloroform was consistent with the proposed formulation. H-6 was 
observed as a doublet centered atS 8.51 p.p.m., due to coupling with
H-5 5Hz). H-5 was observed as a doublet of doublets centered at
0 7.05 p. p.m., due to coupling with H-6 (J-/ 5Hz) and also with the
methyl group in the ^-position (JntJ . , H- O.SHz). The 3-methyl andUn .3-4 ;>
4-niethyl protons appeared as a singlet and a doublet (J 0.8 Hz) at 
S 2.88 and 5 2. 78 p. p.m. respectively.
The synthesis of 5-ethyl-3-methylisothiazolo/5,4--b _7pyridine
required X-ethylacrolein as the K , f> -unsaturated carbonyl component
32in the Skraup reaction. Bapoport and Batcho found that 2-hydroxymethyl-
2-methylpropane-l,3-diol (IV) was a useful precursor f or o(-ethylacrolein 
and with this compound and 3-aminopyridine, under Skraup conditions, they 
obtained a 12. 5£ yield of 3-ethyl-l,5-naphthyridine. The formation of 
oC-ethylacrolein is believed to occur as follows:
CIu ___ pTT ____ /1TT
   on^. on,
Gil
Reaction of 5-amino-3-methylisothiazole with the triol in the presence 
of sulphomix at 110-115° and work up in the usual manner gave only a 
small amount of an oil.
T.l.c. showed a mixture of compounds, one of which was a major 
component. Attempts to crystallise the material were to no avail but 
a picrate was readily obtained with ethanolic picric acid; it was readily 
purified by recrystallisation and was shown by elemental analysis and
n.m.r. spectroscopy (N.M.R.4) to be the picrate of 5-ethyl-3- 
methylisothiazolo/5,4.-J2 JZpyridine.
CH2OH
The methyl and methylene protons of the ethyl group were observed as 
a three proton triplet and a two proton quartet at S1.33 andS 2.88 p.p.m. 
respectively, and the H-6 and H-4 protons appeared as doublets at 8 8.79 
and 8.4.3 p.p.m. (J., 2Hz) respectively. Fine splitting of the H-4 
doublet was noted, as expected on the basis of some double bond localisation 
at the 4>5-positions as observed previously, but the spectrum was not 
sufficiently well defined to give a useful coupling constant. The aromatic 
protons of the picric acid were observed at 8 8.66 p.p.m. and the hydroxy 
proton at £> 5.8 p.p.m.
A small amount of the free base was obtained by treatment of the 
picrate with aqueous sodium hydroxide.it was homogeneous by t.l.c. but could 
not be recrystallised. The n.m.r. spectrum was poorly resolved but 
supports its formulation as 5-ethyl-3-methylisothiazolo/5,4-b __7pyridine; 
the details are included later (Table I p.50 ) for comparison purposes.
The preparation was attempted using a different procedure. A 
mixture of ferrous sulphate, arsenic pentoxide, 5-aniino-3-methylisothiasole, 
boric acid and 2-hydroxymethyl-2-methylpropane-l,3-diol in concentrated 
sulphuric acid was heated to 150° when a violent reaction ensued and the 
reaction mixture became completely black. None of the expected product 
was obtained.
Near the end of the experimental work described in this thesis, a 
synthesis of the parent system, isothiazolo/5,4--b __7pyridine was reported
83 by A. Taurins and V. Tan Khouw. The starting material for this
synthesis was 2-chloronicotinonitrile (V) which was reduced with formic 
acid-Raney nickel to give 2-chloronicotinaldehyde (VI). With potassium 
thiocyanate in glacial acetic acid under nitrogen, 2-chloronicotinaldehyde 
gave 2-thiacyanonicotinaldehyde (VII) which gave isothiazolo/5,4-b 
pyridine (VIII) on treatment with a large excess of liquid ammonia at 
-50 for 4h, Three other isomeric isothiazolopyridines were prepared via 
0-disubstituted pyridines.
H.C02H
Raney-Ni
CHO
KGNS
Gl CH3C°2H
-H2°
a 
CHO 
 SON 
(VII)
S-CN
A study of the n.m.r. and u.v. spectra was reported in detail and 
the results are included in the following discussion on the spectra of 
the alkylisothiazolo/5,4-b J7pyridines for completeness. 
Nuclear Magnetic Resonance Spectra
The n.m.r. data of the various alkylisothiazolo/5,4-b _7pyridine 
are collected in Table I.
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It is interesting to note the similarity of the chemical shifts and 
coupling constants of the 6-,5- and ^-protons of the pyridine ring of the 
isothiazolo/5,4-J2 _7pyridines with those of the corresponding protons at 
positions 2-, 3- and 4- of the 1,5-naphthyridine (IX). Further, as in 
4-methyl-l,5-naphthyridine, the corresponding hydrogen at the 5-position 
of 3>4-dirnethylisothiazolo/5,4-b _7pyridine is also coupled with the 
methyl protons (J 0.8 Hz) indicating a relatively high degree of double 
bond character in the 4>5-position in the isothiazolo/5,4-b __7pyridine.
The methyl group at position 6 in 3»6-dimethylisothiazolo/5,4-b 
pyridine has a virtually identical chemical shift to the methyl group in 
2-methyl-3,5-naphthyridine and both occur as sharp singlets. The coupling 
constant of the corresponding protons is also of the same order of
magnitude.
Chemical
Shifts 
S(p.p.m)
H-3 7.58 
H-2 8.97
Coupling
C^ojistants (H ^
'23
J 
J
1.8 
8.0
N
-4 2.86 
^
H-3 7.56 
HT2 8.97
'23
0.9
  N H-A 8.23
H-3 7.48
-2 2.70
8.8
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Ultraviolet Spectra
The ultraviolet spectrum of each of the alkylisothiazolo/5,4-b __/- 
pyridines (Table II) consists of two absorption bands. That of the 
parent isothiazolo/5>4-J2 _/pyridine is included for comparison purposes. 
It should be noted that the lvalues reported for that compound are 
approximately half those obtained with the alkyl-compounds. A feature 
of the spectra is the small bathochromic shift in the low wavelength 
absorption band of the methyl compounds compared with the parent compound.
Table II
.A max(nm) £ .A max(nin) £
228 15,490 298 2884
307sh 2512
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Investigation of the reactions of 3-iaethyl- and 3«6-dimethyl-
^-b _7pyridine
The following describes attempted electrophilic and nucleophilic 
substitution reactions on 3-methyl- and 3,6-dimethylisothiazolo/5,4--b 
pyridine; viz,, bromination, nitration and amination. Studies on the 
aldol type reactivity of the methyl compounds were carried out and 
oxidations with potassium pennaoganate and chromic acid were investigated.
The chemistry of isothiazolo/5,4--b _7pyridines and the alkyl 
substituted compounds would be expected to be similar in certain respects 
to that of pyridine and the naphthyridines. Thus a number of dipolar 
structures would be expected to contribute to the overall structure of 
the molecule, and some of these are shown below.
In particular the 6- and 4- positions would be expected to be 
electron deficient and susceptible to attack by nuclsophiles. 
Electrophilic attack would be expected to occur at position 5. Attack 
may initially occur at the nitrogen atom to give a charged species; 
however, although the absolute values of the TT electron densities are 
different for a charged ion, the relative distribution of electron density
at the ring carbon atoms should remain almost unchanged. Therefore, 
no matter if electrophilic attack at carbon occurs upon the charged 
species or the free base, substitution should occur at the 5-position.
In 1962 a novel method for the introduction of bromine into electron
rtc
deficient nitrogen heterocyclic compounds was described by Eisch. This 
method involves the formation of a bromine-heterocyclic compound complex 
by addition of bromine to the compound in boiling carbon tetrachloride. 
Addition of pyridine to the boiling solution decomposes the complex and
affords a halogenated derivative of the heterocyclic compound. This
26 
method has been used by Paudler and Kress to brominate all the
naphthyridines, both monobromo- and dibromo compounds were obtained. 
Thus 1,5-naphthyridine gave 3-bromo and 3>7-dibromo-l,5-naphthyridine 
in 27 and yield respectively.
N
Br0/CCl 2
The bromination of 3-&ethylisothiazolc/5,4==k _J7pyridine was at 
under these conditions. There was, however, no indication of any compound 
other than starting material by t.l.c. and upon work up only
_   « 
The attempted bromination of 1,5-naphthyridine with bromine in cold
87 
chloroform was reported by Hart to give the naphthyridyl-naphthyridium
salt (X) which precipitated from the chloroform solution. When heated 
with water, this gave l,5-na.phthyridin~4.-one (XI) and 1,5-naphthyridine.
55
Br®.HBr H2°
The reaction of 3-methylisothiazolo/5,4-b _7pyridine with bromine 
in chloroform under these conditions was therefore investigated to see 
whether bromination or a similar type of oxidation occurred. No solid 
separated from the reaction and a mixture of two compounds was obtained 
by dilution of the solution with light petroleum. One of these was 
soluble in acetone and proved to be starting material (5C$ recovery). 
The other acetone insoluble material was soluble in water, and gave a 
positive test for bromide ion with silver nitrate. Elemental analysis 
indicated that the compound was 3-methylisothiazolo/5,4--b _7pyridine 
hydrobromide which was obtained in l6.5>> yield. No other compound was 
isolated.
The nitration of 1,5-naphthyridine using a range of concentrated and
87 fuming acids was unsuccessfully attempted by Hart. Nitration of the
isothiazolo/5,4-b _7pyridine system would also be expected to be 
unfavourable and an attempted nitration of 3-methylisothiazolo/5>A-b 
pyridine using fuming sulphuric acid-potassium nitrate at steam bath 
temperature for 7 h. gave only 72£ recovery of starting material. 
3,6-Dimethylisothiazolo/5,4-b _7pyridine, when reacted with fuming sulphuric 
acid and concentrated nitric acid at 75-30 for 1.5 h., gave no product 
whatsoever; concentrated sulphuric acid and potassium nitrate at steam bath
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temperature for 1 h. gave 93fc recovery of starting material. In this 
respect, the reactivity of 3-methyl and 3>6-dimethylisothiazolo/5,/j.-b 
pyridine can be said to resemble that of 1,5-uaphthyridine.
86 
Paudler and Kress were unable to repeat the amination of
1,5-naphthyridine with sodium in liquid ammonia in the presence of
87 
ammonium nitrate as described by Hart. By using potassium nitrate and a
trace of ferric chloride in a sealed tube they successfully obtained 
2-ajnino-l, 5-naphthyridine, and other naphthyridines were similarly aminated. 
An attempt was made to aminate 3-methylisothiazolo/5,4--b J7pyridine under 
these conditions but only starting material (55^ recovery) was isolated.
Methyl groups in the 2- and 4-positions of pyridine and quinoline are 
strongly activated by the electron attracting properties of the nitrogen 
atom. The protons are acidic and are readily removed by strong bases and 
the resulting carbanions can undergo various condensation reactions. 
A number of acid catalysed condensations also occur; thus 2-methyiquinoline 
readily condenses with benzaldehyde in the presence of zinc chloride or 
acetic anhydride to give 2-styrylquinoline (XII), and mild oxidation of 
this compound is a good route to quinoline-2-carboxylic acid.
H C6KLCHO
(XII)
CH  CH. C / H - b 5
It would be expected that the methyl group in the 4- and 6-positims 
of i3othiazolo/5,4--b _7pyridine would be similarly activated and undergo 
condensation with e.g. benzaldehyde. A methyl group in the 3-position may
also be expected to behave similarly, but it is interesting to note that
S3 
such reactivity was not shown by the methyl group in 3-methylisothiazole.
Treatment of 3-methylisothiazolo/5,4-b _7pyridine with benzaldehyde 
in boiling acetic acid and acetic anhydride for two days gave an
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recovery of starting material instead of the expected 3-styryl compound 
! XIltf. T.l.c. monitoring of the reaction did not show the formation of 
any new product. The failure of this methyl group to react is perhaps not 
too surprising with regard to the above comments.
Condensation of 3>6-dimethylisothiazolo/ $,4-h J7pyridine with 
benzaldehyde in the presence of zinc chloride was effected on heating the 
reactants to 130-135 for 4 &  T.l.c. monitoring showed the appearance of 
a new spot and a small amount of this compound was isolated by dry column 
chromatography; crystallisation from acetone gave the product as pale 
yellow plates, m.p. 139-140   Elemental analysis and the n.m.r. spectrum 
(N.M.R.5) were consistent with formulation of the compound as 6-styryl-3- 
-iaethylisothiazolo/5,4-b _7pyridine (XIV).
CxH-.CHO 
o 
\J fi.i. 
-? op
(XIV)
A three proton singlet at 2.68 p.p.m. was assigned to the 3-methyl 
group, a doublet centered at 88.47 p.p.m. to H-4 and an eight proton 
multiplet at S 7.38-7.98 p.p.m. to the olefinic, benzenoid and H-5 protons, 
The compound was formulated as 3-^ethyl-6-styrylisothiazolo/5,4-b _/- 
pyridine rather than the 3-styryl derivative on the basis of the 
unreactivity of the 3-^ethyl compound with benzaldehyde in the previous 
experiment.
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The reaction of 3,6-dimethylisothiazolo/5,4--b J^pyridine with 
benzaldehyde in the presence of acetic acid-acetic anhydride was also 
investigated. After refluxing for two days a small amount of 3-aethyl-6- 
-styrylisothiazolo^5,4--b _7pyridine was detected by t.l.c. but no attempt 
was made to isolate the compound.
£-Nitrobenzaldehyde is known to be more reactive than benzaldehyde 
in these condensations due to the electron withdrawing effect of the 
nitro group on the carbonyl carbon. Heating this compound with 
3,6-dimethylisothiazolo/5j4--b __7pyridine in acetic acid-acetic anhydride 
at reflux for 15 h. gave a mixture which showed four components on t.l.c., 
two of which corresponded to starting materials. One of the compounds was 
isolated by triturating with acetone; it crystallised from glacial acetic 
acid as yellow needles, m.p. 214-216°. Elemental analysis gave a molecular 
formula CL4L..NJDS, indicating condensation of one of the methyl groups with 
£-nitrobenzaldehyde. The compound was assigned the structure, 6-(]>- 
nitrostyryl)-3-niethylisothiazolo/5,4-b _7pyridine on the basis of previous 
conclusions. The second product was isolated as a gum by dry column 
chromatography but the small amount of material precluded further 
investigation.
From the above brief study it can be concluded, at this stage, that 
the 6-methyl group of 3,6-dimethylisothiazolo/5,4-b does 
resemble the methyl groups of 2-methylpyridine, 2-methylquinoline and 
2-methyl-l,5-naphthyridine but is much less reactive. A more detailed 
investigation would be worthwhile.
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Oxidation of 3-methyl- and 3«6-dimethyl^isothiazolo/5^-b 7pyridine
A promising route to the parent isothiazolo/5,4-b _7pyridine system 
appeared to be via the carboxylic acid XV, which would be expected to loose 
carbon dioxide readily on heating. In addition the acid would be a 
suitable substrate for conversion to other substituted isothiazolo/5,4--b _7~ 
pyridines. A similar sequence of reactions was envisaged for the dimethyl 
compound.
C02H
[OJ
N
A
-CO,
(XV)
Oxidation of 3-niethylisothiazolo/5,4-b J7pyridine was carried out
with potassium permanganate by a procedure similar to that described by
32 Rapoport and Batcho for the oxidation of alkyl 1,5-naphthyridines.
Potassium permanganate was added portion wise to a stirred aqueous solution 
of 3-methylisothiazolo/5,4.-b _7pyridine at 70°. After another 30 min. at 
that temperature, manganese dioxide was separated and the neutral and basic 
materials were removed from the filtrate by methylene chloride extraction. 
Ether extraction of the acidified solution gave a solid which crystallised 
from aqueous ethanol as white needles, m.p. 207-210 . The molecular formula 
CxH.NJD^S, from elemental analysis, showed loss of one carbon atom 
indicating the product was not the expected acid XV. The infrared spectrum 
(I.R.I) showed N-H absorption at 31BO cm" and a carbonyl band at 1745 cm . 
The compound was formulated as isothiazolo/5,4-b _7pyridin-3(2H)-one 1,1- 
-dioxide (XVI) on the basis of its molecular formula and spoctroscopic 
evidence.
CH.
(XVI)
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The n.m.r. spectrum (N.M.R. 6) was indicative of a 2,3-disubstituted 
pyridine; H-6, H-4 and H-5 were each observed as one proton doublet of 
doublets centered at 5 8.81, 8.2 and 7.76 p.p.m. respectively and the 
coupling constants (J 8 Hz, J., 2Hz, and J-, 5Hz) were in line with 
those observed in pyridine systems. The signal at S 8.55 p.p.m. was assigned 
to the N-H proton.
Further support for the structure XVT came from its reaction with 
dilute hydrochloric axi-d which gave a white crystalline compound
m.p. 253-255°; it was shown to be an acid by its solubility in sodium
-1 -1 bicarbonate solution and absorption bands at 3000 cm and 1730 cm in
the infrared spectrum. Elemental analysis indicated a molecular formula 
C/H-N0.3 and the compound was formulated as 2-hydroxypyridine-3-carboxylic 
acid (XVII). This was supported by its n.m.r. spectrum (N.M.R.7) which 
showed H-6, H-5 and H-4 each as a single proton doublet of doublets centered 
at 8 8.^-7, 6.66 and 8.01 p.p.m; a two proton broad peak at 5 14.1 p.p.m.
was assigned to the carboxyl and hydroxyl protons. A mixed melting point
89 
with an authentic sample of 2-hydroxypyridine-3-carboxylic acid was
undepressed and the infrared spectra were identical.
TT,NH
^H 
^s\ 
HC1 or NaOH
(XVII)
2-Hydroxypyridine-3-carboxylic acid was also obtained, in good yield, 
from the reaction of isothiazolo/5,4-b J7pyridin-3(2H)-one 1,1-dioxide 
with aqueous sodium hydroxide.
A possible mechanism for the reaction is indicated below and involves 
attack of OH~ at the electron deficient bridge-head carbon between the 
ring nitrogen and the 1,1-dioxide grouping. Rearrangement of the
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intermediate XVIII and protonation to give the acid XIX followed by 
loss of sulphur dioxide would give 2-hydroxypyridine-3-carboxamide(XX). 
Hydrolysis of the amide would then give the hydroxy-acid.
OH
CO.NH,S02H
OH (XVIII)
CO.NH,
The methyl group in 3-methylisothiazole y and other 3-methyl 
substituted isothiazoles, has been successfully oxidised to the correspond- 
ing acid with chromic acid. This prompted the investigation of the 
oxidation of 3-methylisothiazolo/5,4--b J7pyridine with chromic acid. 
Oxidation in concentrated sulphuric acid at 4,0 gave a compound, m.p. 156- 
158°, which effervesced on heating to approximately 20 above its melting 
point; a dark brown gum remained after the effervescence. Elemental 
analysis gave a molecular formula C/H/NpO-yS indicating loss of one carbon.
The infrared spectrum (I.R.2) showed N-H bands at 3345 and 32A5 cm"1 .
 1 
 1 A carbonyl group at 1710 cm , and broad bands at 2600 and 2500 cm"
indicated the presence of a carboxylic acid, as confirmed by evolution of 
carbon dioxide with aqueous sodium bicarbonate. Bands at 1360 and 1180 cm
-1
were assigned to an -SO^C^ group. On this evidence the compound was 
formulated as 2-sulphoamidopyridine-3- carboxylic acid (XXI).
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CH
^x^
(XXI)
The n.m.r. spectrum (N.M.R.8) was indicative of a 2,3-disubstituted 
pyridine and supported this structure. H-6, H-5 and H-4 were each 
observed as one proton doublet of doublets centered at & 8.81, 7.75 and 
8.17 p.p.m. respectively. The magnitudes of the coupling constants 
and chemical shift positions were in line with those observed in other 
disubstituted pyridines.
Coupling constants (Hz) Chemical shifts p.p.m.
'45
8
'46
1.9
'56 H H (
8.17
8 2.0 8.52
7.76
7.76
8.81
8.63
SON
Carbon-sulphur bonds of sulphonamides undergo reductive cleavage with
90 
zinc and acid. Thus reductive cleavage of XXI would be expected to give
nicotinic acid and a small amount of this compound was obtained with zinc 
dust in acetic acid-hydrochloric acid, confirming structure XXI.
Potassium permanganate oxidation of 3,6-dimethylisothiazolo/5,4-b 
pyridine was carried out as described with the monoinethyl compound. The 
compound isolated from the acidic solution was obtained as colourless 
needles, m.p. 190-192 . Elemental analysis was consistent with a molecular 
formula C^/N^O^S, except that the carbon content was slightly lower than 
calculated. The compound was formulated as 6-methylisothiazolo/5,4-b _/- 
pyridin-3(2H)-one 1,1-dioxide (XXII) on the basis of its infrared and 
n.m.r. spectra.
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The infrared spectrum (l.R.3) showed a sharp band at 3260 and 
1760 cm indicating imino and carbonyl groups and bands at 12^.0 and 1170
_ ^
cm were assigned to the   SOpN group. In the n.m.r. spectrum
^ \
(N.M.R. 9), a three proton sharp singlet at 2.78 p. p.m. was assigned to 
the 6-methyl group, doublets at 58.31 and 7.8 p. p.m. to H-4 and H-5 
(J 8Hz) respectively and a one proton singlet at S 9.36 p. p.m. to the 
N-H proton.
(XXII)
On the basis of the formation of 2-hydroxynicotinic acid by 
acid treatment of the monomethyl oxidation product it would be expected 
that a similar treatment of compound XXII would give 2-hydroxy-6-methyl- 
pyridine-3-carboxylic acid (XXIII). This was achieved in good yield; 
elemental analysis, its infrared and n.m.r. spectra (N.M.R.10) fully 
supported this structure.
v Chromic acid oxidation of 3>6-dimethylisothiazolo/5>4--b _7pyridine 
under essentially the same conditions as described for 3-methylisothiazolo- 
Z5,4--b __7pyridine gave a compound, the infrared spectrum (l.R.4.) of 
which was virtually identical to that of the compound formulated as 
2-sulphoamidopyridine-3-carboxylic acid except for a sharp band at 
3505 cm . The compound melted at 128-130 and effervesced on heating to 
ca. 170°. A satisfactory elemental analysis could not be obtained but was 
in reasonable agreement with the compound being a monohydrate of 6-methyl- 
-2-sulphoamidopyridine-3-carboxylic acid viz., C«HgN 20.S.H^O, and this 
would account for the band at 3505 cm" in the infrared spectrum.
The n.m.r. spectrum (N.M.R.ll) supported the structure XXIV; a 
sharp three proton singlet at 8 2.6 p.p.m. was consistent with the 6-methyl 
group, a pair of doublets at 6 8.03 and 7.5 p.p.m. (J 8Hz) with H-4 and 
H-5, and a broad three proton signal at5 7.38 p.p.m. with the carboxyl 
and sulphonamide protons.
It was hoped that molecular weight determination of the compound 
would support the proposed structure. Accurate mass determination of the 
parent ion indicated a molecular formula C-H/N^O^S, i.e. structure XXIV 
less one molecule of water. This is interpreted as loss of water in the 
spectrometer from XXIV to give 6-methylisothiazolo/5,4.-b _7pyrid-3(2H)- 
-one 1,1-dioxide (XXII).
Synthesis and reactions of Isothiazolo/5,4.-b _7pyridines derived from 
5-amino-3-methylisothiazole and ethoxymethylenemalonic ester.
The condensation of aniline with ethoxymethylenemalonic ester (XXV)
to give anilinomethylenemalonic ester (XXVI) was reported as early as
91 
1897 by Claisen who carried out the reaction by heating the compounds
for a short time on a steam bath. This reaction has been reported by
i in
Gould and Jacobs, and later by Price and Roberts, to proceed even 
at room temperature.
65
(XXVII)
Gould and Jacobs found that cyclisation of the ester XXVI to the 
quinoline hydroxyester XXVII occurred readily on heating the malonate 
with from two to ten times its weight of "mineral oil" at 24.0-250° for 15 
-20 minutes. These conditions are the same as these used for cyclisation 
of the intermediate esters in the Conrad Limpach reaction.
It was later found that both diphenyl ether p.nd Dowtherm - a mixture 
of diphenyl and diphenyl ether - are far superior as a cyclisation medium.
These solvents boil at a temperature which appear to be optimum for 
the cyclisation, are much less viscous and more easily removed from the 
product by filtration and generally results in the formation of a much 
cleaner product. The volume of solvent required for cyclisation of the 
various malonate esters was found to vary considerably. In some cases 
cyclisation could be effected without solvent, in others dilution with up 
to forty volumes of Dowtherm was required.
Price and Roberts found that the reaction of an amine with 
ethoxymethylenemalonic ester was very satisfactory on a small scale, 
but when large amounts were prepared the isolation of the malonate could 
be circumvented by mixing the reactants in diphenyl ether at room tempera- 
ture and then heating this solution directly to the cyclising temperature 
of 250°.
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The successful synthesis of naphthyridines from aminopyridines and 
ethoxymethylenemalonic ester prompted the investigation of this method as 
a route to isothiazolo/5,4-b _/pyridines.
Equimolar quantities of 5-amino-3-methylisothiazole and 
ethoxymethylenemalonic ester were heated to 110 and samples were removed 
at regular intervals and investigated by g.l.c. and by t.l.c. T.l.c. 
showed the appearance of a single product and g.l.c. showed the disappear- 
ance of the reactants with time but no peak corresponding to the malonate 
derivative was observed probably because the product was not sufficiently 
volatile at the column temperature.
Dissolving the reaction mixture in benzene and dilution with a large 
volume of light petroleum followed by recrystallisation of the resulting 
solid from the same solvent gave diethyl 2-(3-methylisothiazol-5- 
-ylaminomethylene)malonate (XXYIIl) as pale yellow cubes, m.p. 78-79 in 
66$ yield.
C0H- COH-0OC
x * 2 5 5 \ /
\,X CH^ \«/'C w"3
]\
u^ v^° jX' NH
C2H50 -H . H
(XXVIII)
Gyclisation of the ester was readily effected in refluxing diphenyl 
ether to give ethyl ^-hydroxy-3-methylisothiazolo/5,4--h _7pyridine-5- 
-carboxylate (XXIX). It was isolated by dilution of the reaction mixture 
with light petroleum.
0
(XXIX)
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It is known that 2-hydroxy and 4-hydrcxy quinoline exist largely in 
the keto form. The possibility that the cyclised compound existed in the 
keto form XXX was considered but rejected on the basis of its infrared 
spectrum (I.R.6) which showed a broad -OH band at 3450 cm , and its 
ultraviolet spectrum (U.V.2) which was very similar to that of methyl 4- 
-methoxy-3-methylisothiazolo/5,4-b J7pyridine-5-carboxylate (U.V.8) 
described later. Hydrogen bonding, as shown, would be expected to 
stabilise the hydroxy form.
The n.m.r. spectrum (N.M.R.13) in trifluoroacetic acid showed the 
ethyl group as a three proton triplet and a two proton quartet at Si.58 
and 4»78 p.p.m. (J THz) respectively, the 3-methyl proton as a singlet at 
3»H p.p.m. and H-6 as a sharp one proton singlet at & 9.1 p.p.m., The 
n.m.r. spectrum was not expected to be helpful in ascertaining the structure
of the ester as in trifluoroacetic acid protonation on oxygen would occur,
92 
as in the case of 4-pyridone which has been shown to protonate on oxygen
and can thus be represented by the canonical forms XXXI and XXXII, i.e. a 
N-protonated 4-hydroxypyridine.
0 ^»OH OH
(XXXII) 
The hydroxy-ester did not give a colour reaction with ferric chloride
solution. This is not surprising since it is known that colour formation 
is suppressed by electron withdrawing substituents ortho to the hydroxy 
group. This effect is to be expected, since colour depends on the complex 
formation between the nucleophilic oxygen and ferric ion; any diminution 
of electron density inhibits the test.
The hydroxy-ester XXIX was readily hydrolysed with acid and with base 
to the corresponding hydroxy-acid XXXIII. Hydrolysis with hydrochloric
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gave the hydroxy-acid contaminated with a small amount of the 
hydroxy>-ester as shown by its n.m.r. spectrum. Suspended solid remained 
present during the reaction and it was not possible to assess the extent 
the hydrolysis but no doubt a longer reflux period would give the pure 
acid. Basic hydrolysis with hot aqueous sodium hydroxide was more 
convenient and gave the hydroxy-acid in 8C$ yield. It melted with 
decarboxylation at 271-274° and the solid which immediately formed at this 
stage then melted at 295-300°, with decomposition. Elemental analysis, 
infrared and n.m.r. (N.M.R.L^) were in agreement with the structure XXXIII.
OH OH
(XXIX) 
4-4Iydroxy-3-methylisothiazolo/5,4--b _7pyridine-5-carboxylic acid was
readily decarboxylated on heating. This was carried out initially in a 
thermogravimetric apparatus. A considerable amount of charring was observed 
but this technique had the advantage over the other methods described below 
in that the reaction could be carefully controlled. However, the small 
amount of material, approximately 100 mg, that could be handled at a time 
made it inconvenient.
Heating the hydroxy-acid as a thin layer in a wide glass container in 
a Woods metal bath proved to be more convenient and 2-3g quantities could 
be easily handled in this way and yields of up to of the product were 
obtained. Decarboxylation with copper-quinoline was also effective but the 
acid was obtained in poor yield.
Elemental analysis indicated the molecular formula C^H/I^OS, 
confirming the loss of carbon dioxide. The product would be expected to 
be capable of tautooerism and be represented by either the hydroxy structure
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XXXIV or the carbonyl structure XXXV.
OH 0
CH.
N
(XXXIV) (XXXV) 
This situation is similar to that of 4-hydroxypyridine (XXXVI) which
has been shown to exist preferentially in the carbonyl form (XXXVII) by means
92 93 94 
of n.m.r., i.r. and u.v. spectroscopy and the compound should properly
be referred to, therefore, as pyrid-4-one. The 2-substituted pyridine is 
also in the carbonyl form. On the basis of similar studies the 4- and 2- 
hydroxyquinolines have also been shown to exist preferentially in the 
carbonyl forms and are best referred to as quincl-4-one and quinol-2-one.
OH 0 OH
H H
(XXXVI) (XXXVII) (XXXVIII)
The only suitable solvent for the n.m.r. study of the compound was
trifluoroacetic acid and in this solvent the compound would be expected to
be protonated on the oxygen so that the spectrum (N.M.R.15) would be of 
structure XXXVIII and would therefore be of no help in ascertaining which 
structure would be predominant.
The compound gave no colouration with aqueous or alcoholic ferric 
chloride. There was no hydroxyl absorption in the infrared spectrum (I.R.8) 
and bands at 3180 cm (N-H) and at 1640 cm" (C=0) indicated that the 
compound was in fact 3-methylisothiazolo/5,4-b _7pyrid-4-one (XXXV). This 
was confirmed by comparison of its ultraviolet spectrum with tint of both 
the N-methyl-3-jnethylisothiazolo/5,4-b __/pyrid-4-one (XLl) and 4-^cthoxy- 
-3-methylisothiazolo^5,4-^ J^pyridine (XL) described below. The
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ultraviolet spectrum of the decarboxylation product (U.V.3) was quite 
different to that of XL (U.V.5) and virtually identical with that of the 
N-methyl compound XLI (U.V.6).
Cl
CH.
POG13
  
« 
H (XXXV) (XXXIX)
N'
(XLI) (XL)
As expected from analogous reactions in the quinoline and 
naphthyridine series, reaction of 3-methylisothiazolo/5,4.-b 
pyrid-4-one (XXXV) with phosphoryl chloride readily gave ^--chloroisothiaaolo- 
/5,4-J2 _J7pyridine (XXXIX) in yield as colourless needles, m.p.
125-126W . The chlorine was readily displaced by sodium raethoxide in 
methanol giving, unambiguously, 4.-methoxy-3-methylisothiazolo/5>4-J2 
pyridine (XL) as white needles, m.p. 145-14-6 , in good yield. Msthylation 
of XXXV with dimethyl sulphate in aqueous sodium hydroxide gave a different 
methylated compound, m.p. 215-217°, which must consequently be the product
of N-methylation, viz. N-methyl-3-methylisothiazolo/5,4.-b _7pyrid-4-one. 
(XLI). The infrared, ultraviolet (U.Y.5 and U.V.6) and n.m.r. spectra 
(N.M.R. 17 and N.M.R. 13) of XL and XLI are quite different, as expected. 
In particular the n.m.r. spectra showed the 3-methyl protons as singlets 
at &2.31 and 2.33 p.?.-fn. respectively, H-6 and K-5 as doublets at 8 8.6 
and 6.75 p.p.m. for XL and 7.35 and 6.25 p.p.m. for XLI. The 0-aethyl 
protons appeared as a singlet at 4-«05 p.p.m. and the N-methyl protons
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as a singlet at 83.73 p.p.m., in line with that expected on the basis of 
the greater electronegativity of oxygen. The larger coupling constant 
between the 5 and 6 protons in the N-methyl (J 8Hz) as compared to the 
0-methyl compound (J 5.5 Hz) is also expected on the basis of the larger 
double bond character between carbons 5 and 6 in the N-methyl compound.
Reaction of 4-chloro-3-methylisothiazolo/5,4-.b _7pyridine with 
hydrazine hydrate in ethanol gave a solid product, which could not be 
purified by crystallisation and was not analysed. Its spectral properties 
were, however, consistent with it being the ^.-hydrazino-3- 
methylisothiazolo/5,4-b JTpyridine compound (XLII). Treatment of this 
crude material with cupric sulphate in acetic acid gave a yield of 
3-methylisothiazolo/5,4-b _7pyridine (II), identical (mixed m.p., i.r. and 
t.l.c.) with the compound obtained by the reaction of 5-amino-3- 
methylisothiazole and glycerol under Skraup conditions.
Reaction of ethyl 4-hydroxy-3-methylisothiazolo/5,4*~J2 _7pyridine-5-
-carboxylate (XXIX) with phosphorous oxychloride afforded ethyl 4-cnloro
-3-methylisothiazolo/5,4-b J/pyridine-5-carboxylate (XLIII) in 5S yield. 
Treatment of the chloro-ester with sodium methoxide in methanol gave 
a product (75/£), the n.m.r spectrum (N.M.R 21) of which indicated absence 
of an ethyl group. Instead three proton singlets ato 2.37, 4«03 and 4« 
p.p.m. indicated that in addition to nucleophilic displacement of the 
chlorine, transesterification had occurred to give methyl 4-^ethoxy-3- 
methylisothiazolo/5,4-b J7pyridine-5-carboxylate (XLIV). The signal at 
2.S7 p.p.m. was assigned to the 3-methyl protons, that at 04.03 p.p.m. 
to the 0-methyl protons, on the basis of the position of the methoxy
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protons in 4-raethoxy-3-methylisothiazolo/5,4-b _/pyridine (5 4»05 p.p.m.) 
and the signal at 0 4«17 p.p.m. to the ester methyl protons. 
H-6 observed as a one proton singlet at 5 9.03 p.p.m.
OH Cl
POC1.
C0CH
(XLIII)
C02C2H5 CH
(XLV)
N
(XLIV)
Treatment of the hydroxy-ester (XXIX) with methyl iodide and sodium, 
hydride in dimethylformamide gave a compound which analysed correctly for 
a methylated derivative, CLH.J^O-3, and which could, therefore, be either 
the 0-methyl or N-methyl product. Spectroscopic evidence indicated that 
the product was in fact ethyl N-methyl-3-niethylisothiazolo/5,4-b __7pyrid- 
-4-one-5-carboxylate (XLV). The n.m.r. spectrum (N.M.R 22) showed a three 
proton singlet at 5 3.83 p.p.m., which is at higher field than the 
0-methyl signal (64»03) in ester XLIV and approximately the same as that 
of the N-inethyl signal (S 3.73) in N-iaethyl-3-methylisothiazolo/5,4--b 
pyrid-4-one (XLI). In addition, the infrared spectrum showed a band at 
1640 cm" , assigned to the ring carbonyl, as well as an ester carbonyl band 
at 1700 cm" . Tho ultraviolet spectrum (U.7. 9) was siniilar to that of 
N-methyl-3-methylisothiazolo/5,4-b __7pyrid-4-ons (U.Y. 6) and quite
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different to that (U.V. 8) of the methoxy ester XLIV.
Attempts at acetylation of ethyl 4.-&ydroxy-3-methylisothiazolo- 
Z5,4-b J7pyridine-5-carboxylate did not prove successful. Acetic anhydride 
and sodium acetate and also acetyl chloride and sodium hydride in 
dimethylformamide gave only starting material.
The n.m.r spectra of the compounds described above are collected, 
for comparison purposes, in Table III.
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Investigation of the reaction of 5-aminQ~3~methylisothiazole with 
ethyl acetoacetate
The reaction of aromatic amines with ethylacetoacetate followed by 
cyclisation of the resultant enamine in diphenyl ether has proved to 
be a good method for the synthesis of 2-methyl-4-hydroxyquinolines. This 
reaction sequence, known as Conrad-Limpach reaction, has not been 
successful with 3- and 4-aminopyridines. 2-Aminopyridine has been shown 
to undergo condensation with ethyl acetoacetate but the enamine so formed 
gave a pyrimidine rather than a naphthyridine on cyclisation.
The reaction of 5-amino-3-methylisothiazole with ethylacetoacetate 
was investigated as a possible synthesis of 4--hydrcxy-3>6-dimethylisothiazolo 
/5,4-b J7pyridine (XLVII) via the enamine XLVI.
HJ3 3 s on
V,
GH 3 .GO.
NH, N
11 I
\, CH.
H
(XLVI) (XLVII) 
Formation of the enamine normally effected by heating the aromatic
amine in ethanol with ethylacetoacetate in the presence of Drierite and a
catalytic amount of glacial acetic acid or hydrochloric acid. The
reaction of 5-amino-3-methylisothiazole with ethylacetoacetate under these 
conditions gave a gum which was shown by g.l.c to consist of at least five 
components, two of which uere identified as starting materials. The major 
component was observed as a broad peak at R. 30.4 fflin (ca. 50$). Attempted 
distillation of the crude mixture gave only about 8£ of a mixture 
consisting of ethylacetoacetate and a low boiling component (R, 1.2 min). 
Preparative g.l.c. gave this component as an oil which was shown by high
resolution mass spectromstry to have the molecular formula C/H..H00 . TheD 11 
infrared spectrum (I.R.13) showed the presence of an arnino group (3440 and
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3340 cm" ) and an ester carbonyl group (1660 cm" ) The n.m.r. spectrum 
(N.M.R. 23) showed a three proton triplet at 6 1.25 p.p.m. and a two 
proton quartet at 54-2 p.p.m. indicating the presence of an ethyl group. 
A three proton singlet at 6 1.9 p.p.m. was assigned to a methyl group and a 
sharp one proton singlet at 8 4o2 p.p.m. to a methine proton. 
From this data it was concluded that the compound was ethyl
3-aminocrotonate (XLVIII) and this was supported by the recorded infrared
98 date for this compound-
~  C == CH  GO/-iC0H- 3 i 225
(XLVIII)
The residue after distillation, consisting of the other two components 
and some starting material, was heated with diphenyl ether in the hope that 
one of these compounds was the enamine XLVI and that cyclisation would occur. 
However, dilution with light petroleum gave only an intractable gum.
Another method which has been successful for preparing the enamine 
from an aromatic amine and ethylacetoacetate involves keeping the mixture
containing few drops of concentrated hydrochloric acid under vacuum over
97 
concentrated sulphuric for about seven days. The reaction of 5-amino-3-
-methylisothiazole with ethylacetoacetate under these conditions gave a red 
oil which was shown by g.l.c. to contain the same number of components with 
identical retention times as the mixture obtained above. The two major 
components at R, 11.6 and 30.4 rain were obtained by preparative g.l.c. The 
compound at R, 11.6 min was obtained as a brown amorphous solid; its n.m.r.
0
spectrum was not very informative and the compound was not further invest- 
igated. The compound at R, 30.4 rain was obtained as yellow needles, 
m.p. 90-92°. The molecular formula, C 1OH 1 .N 909S, obtained by high resolution
mass spectrometry suggested that it was the expected product XLYI. This 
was confirmed by its infrared spectrum (I.R.14) which showed an N-H band 
at 3405 cm""' and an ester carbonyl band at 1680 cm-1 and its n.m.r.
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spectrum (N.M.R 24) which showed an ethyl group as a three proton triplet 
at o 1.31 p.p.m. and a two proton quartet at 64..3 p.p.m. The 3-methyl 
protons appeared as a sharp singlet at 52.63 p.p.m.; a three proton 
singlet at &1.97 was assigned to the methyl group adjacent to the nitrogen 
and the olefinic hydrogen to a singlet at&5.l6 p.p.m, A one proton 
signal at 6 6.65 p.p.n, which disappeared on shaking with deuterium oxide, 
was assigned to the N-II proton.
Despite the formation of the enamine in these reactions, it was 
considered advisable to abandon this possible route to isothiazolo/5,4--b 
pyridine.as the separation of the desired intermediate was very tedious. 
A more detailed study of the thermal cyclisation of the crude condensation 
mixture, would help to assess the feasibility of this method of synthesis,
Investigation of the reaction of 5-amino-3~in6thylisothiazole with 
acetylacetone
In the Combes synthesis of quinolines, an aromatic amine is condensed
with a 1,3-diketone, and the resulting enamine is then cyclised with
99 
concentrated sulphuric acid to a 2,4-disubstituted quinoline.
The ease of condensation of an aromatic amine with acetylacetone has 
been reported by Roberts and Turner to be affected by the basicity of the
amine used. They found that no nitroaniline. simple or complex, could be
/2 
caused to condense with acetylacetone. Similar failures with the
aminopyridines have been attributed to the low basicities of the amines. 
The original Combes reaction involved heating the aromatic amine with 
acetylacetone under reflux, or in some cases, on a steam bath until water 
separated out. With aniline and acetylacetone the reaction is complete in 
a few minutes. The intermediate has, in a few cases, been isolated by 
distillation and after cyclisation with concentrated sulphuric acid, the 
quinoline is obtained from the basic solution.
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In a modified preparation of the enaraine, the araine and acetylacetone
were refluxed in xylene until the theoretical amount of water was collected
100 
in a Dean Stark attachment,
In another method, the reactants were heated in the presence of 
Drierite. 101
The reaction of 5-amino-3-methylisothiazole with acetylacetone was
^**
investigated as a possible route to 4>6-dimethyl-3-methylisothiazolo/5,4-b 
pyridine (XLIX) via the expected enamine L.
° H 3 
H-~ CO H3°
> V > i'A^ N
(L) H (XLIX) 
Heating 5-amino-3-methylisothiazole with acetylacetone in the presence 
of Drierite gave a mixture, which was shown by g.l.c. to contain at least 
four components at R, 1.2, 2.5, 10.2 and 27.2 min; the major component 
(ca. 50$) was observed at R. 27.2 min. Effective separation could not be
0
achieved by t.l.c. and it was thought desirable to proceed directly to the 
nex"b stage. The mixture, a viscous oil, was treated with concentrated 
sulphuric acid and, after standing, made alkaline. Work up gave a liquid 
which distilled at 66~68 at 0.6 mm Hg. The crude and distilled product 
was homogenous by t.l.c. and showed only one peak on g.l.c., R, 3.8 min. 
The molecular weight, obtained by high resolution mass spectrometry, 
indicated the molecular formula C-HgNOS. The infrared spectrum showed a 
carbonyl band at 1675 cm" and the compound readily formed an oxime. The 
n.m.r. spectrum (N.M.R. 25) showed three three proton singlets at§2.4, 2.60 
and 2.63 p.p.m, indicating the presence of three methyl groups. The u.v. 
spectrum showed two-bands at 274 and 212 nm.
This data suggested that the product was an acetyl-dimethylisothiazole.
79
It was initially suspected that the compound was 4  acetyl-3,5- 
-diraethylisothiazole, (Li) as its n.m.r spectrum was very similar to that
reported by Rajappa, Akekar and lyer for LI, with one higher field methyl
102 
signal and two closely spaced lower field methyl signals. Direct
comparison with the spectra of LI, kindly supplied by Dr. Rajappa, showed 
that this was not the case. The published n.rn.r. data on LI was not in 
agreement with the spectrum which, in fact, showed two closely spaced 
singlets at high field and one at lower field, as shown in parentheses 
below. In addition the i.r. spectra were different and LI absorbed at 
shorter wavelength in the U.V. spectrum. 3-Acetylisothiazole has 
A max 262 nm also, whereas 5-acetyl-3-methylisothiazole has A max 284 nra 
The product was tentatively formulated as 5-acetyl-3,4-dimethylisothiazole 
(LIl) although the possibility that the compound is a trisubstituted 
thiazole cannot be ruled out.
Product
"
  
 / j> 4.4:> v-s.45; ( LII )
S+L S **. f *\ ** \ *\ S *\ ^ f s\s\
The nature of the product indicates that a major rearrangement involving 
ring cleavage followed by ring formation occurred during this reaction and 
further studies would be necessary to rationalise this interesting result.
A speculative explanation for the formation of this unusual product, 
assuming it is 5-acetyl-3,5-diraethylisothiazole, could involve the dipolar 
intermediate LIII. -This could conceivably be formed by attack of 
acetylacetone on the imino form of 5-amino~3-2Qethylisothiazole followed by 
ring cleavage as shown. Addition of the intermediate acetonitrile
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